The next two amino-acids to be studied were I-aspartic acid and dl-serine, the deaminations of which have certain features in common:
tIn all later work where rates were measured, deamination was not allowed to proceed further than 50 % theoretical. Fig. 2 shows the effect of pH on the deamination rate. (2) in air, (3) in 2% glucose broth in N2, (4) growth curve (strain I). Exp. 2: Fig. 3 shows the variation in QN due to culture time and conditions of aeration. In Curve 1 the culture was grown anaerobically in nitrogen for varying periods; in Curve 2 the growth was carried out aerobically in Roux bottles using also liquid medium. In Curve 3 the organism was grown in 2 % *393 1!w glucose broth with chalk and bubbled continuously with nitrogen. Samples were taken at intervals with sterile precautions; the chalk was removed by centrifuging for 2 min. and pouring off the supernatant liquid, from which the organisms were then removed by centrifuging in the usual way. Curve 4 is the growth curve of a culture in N2 and shows how optimum activity is related to maximum growth.
This experiment shows, in Curve 1, an increase in QN from 300 to 900 between 8 and 10 hr. and a subsequent decrease. The aerobic culture shows a similar variation on a smaller scale. Curve 3 shows that the presence of 2 % glucose in the growth medium depresses the QN to 10 and this low activity does not vary with age. The high QN of dl-serine as compared with other amino-acids is noteworthy.
Exp. 3: Decay of QN on standing. It was early noted that the deaminase activity in washed suspensions decreases on standing. To illustrate this point a culture was grown for 13 hr.
anaerobically and the washed suspension made up in 70 water to 0-2 mg. per ml. The spinning and washing 6W- occupied about i1 hr., and the activity immediately 500 \ following was QN = 590. The activity declined while 3(00 \ the suspension at room temperature was exposed to 200 the air as seen in Fig. 4 Exps. 4 and 5: Effect of dilution on "decay" of Hours after removal from activity. Table I shows that if the suspension is growth medium diluted progressively from 1-7 mg./ml. to 1/50 of that Fig. 4 Exp. 6: Prevention of "decay" of activity. Here Exp. 5 was repeated using as diluent: (1) a suspension of boiled bacteria (about 3 mg./ml.); (2) a 24-hr. autolysate; (3) a 24-hr. diffusate made at 00. The cells had been removed from .394 SERINE DEAMINATION BY BA CT. COLI (2) and (3) by centrifuging. Table II shows that all these diluents prevent " decay ". This effect is due to a prevention of " decay " rather than the replacement of a substance removed during incubation, since the addition of boiled bacteria to the suspension, after activity has fallen off, has no immediate restorative effect. It appears from Exp. 6 that "decay" of activity is due to the gradual diffusion of some substance from the cell; this substance is present in large quantities in boiled suspensions of cells and in boiled autolysates and diffusates from cells; hence when the bacteria are suspended in such preparations, loss by diffusion is checked and the initial activity maintained. If this is the case, the suspension of boiled bacteria from which the factor has been removed by prolonged diffusion, should be unable to prevent the "decay" of an active suspension. This is shown to be the case in the following experiment. Exp. 7 . A suspension of bacteria of about 100 mg. dry wt. was washed at 0°i n 900 ml. of water for 12 hr.; the cells were centrifuged and resuspended as before, 3 washings in all being given. The organisms were finally suspended in 5 ml. water and boiled, and the preparation ("B.D.O.") used to dilute a suspension of freshly grown active cells and the whole incubated in vacuo for 3 hr.
The results are given in Table III . In water the activity falls 74 %, in the presence of boiled diffused cells ("B.D.O.") 55 %, whilst in the diffusate (pre- pared from the concentrated first washings) the loss is only 5%. Exp. 8: Effect of phosphate in preventing "decay" of activity. The first substance found which could replace the boiled diffusate in preventing "decay" was phosphate. This is shown in Fig. 5 . Here it is seen that M/100 phosphate buffer effectively prevents decay but M/10 as well as M/1000 and M/10,000 are ineffective. Exp. 9: Effect of cozyma8e (coenzyme I) in preventing "decay ". It was thought possible that the effect of boiled bacteria etc. in preventing "decay" might be due to the loss of a coenzyme. We therefore substituted a cozymase preparation containing about 50 % cozymase: this proved effective in a concentration of 1 mg./ml. but not at lower concentrations. The preparation was equally effective after prolonged boiling atlpH 12 when the cozymase would be destroyed; the effect was therefore not due to cozymase itself but to a decomposition product or an impurity. Accordingly the substances listed in Fig. 6 were tested and muscle adenylic acid and glutathione were found to be active. Table IV shows that adenylic acid is effective in a concentration of 1 mg./105 ml. To differentiate further between cozymase and adenylic acid, progressive dilutions of each were made and the prevention of "decay" determined; these results are also shown in Table IV . It was found, however, that with strain II, adenylic acid does not prevent "decay". Final concentration in all cases = 1 mg./l. Fig. 6 . Effect of various agents in preventing "decay" of activity during 3 hr. incubation in vacuo at 370 (strain I).
Exp. 10: Effect of reducing agent8 in preventing decay. The effect of glutathione (GSH) has already been mentioned. It was further noticed that "decay" occurred in air, in N2 and in vacuo, but not in H2; this is shown in Table V . The action of H2 must in this case be attributed to its action as a Fig. 7 . Fig. 7a . Fig. 7 . Effect of reducing systems on "decay" of activity during 3 hr. at 370 (strain I). reducing agent and not to its anaerobic effect. In a few'cases, a suspension whose activity had " decayed " was found to regain some of its activity on standing in H2; this is also shown in Table V . Fig. 7 shows the action of other reducing agents of which GSH is the most effective. Other dehydrogenase systemswere also tested (Table VI) . O Here it is seen that formate alone has no effect 10 but that, in the presence of M/10,000 phos-% loss 20 phate which alone is inactive, the system of 30 prevents "decay". Fig. 7a Hr. of growth Fig. 9 . Effect of growth conditions and "age" on activity (QN) and "permeability". (1) Activity of culture grown in N,, (2) "Permeability" of culture grown in N,, (3) Activity of culture grown in Has (4) "Permeability" of culture grown in H,.
when diluted and incubated. This irregularity depended on the time during which the culture was grown. This was tested as follows: the organism was 398 grown in broth anaerobically in H2 and samples were removed at intervals, spun and washed. The immediate activity was determined, the suspension then incubated in vacuo for 3 hr. and the % loss of activity determined. The results are shown in Fig. 9 . Here it is seen that the 10-12 hr. culture loses its activity most readily whilst younger and older cultures are relatively stable. If the organism is grown in N2, the loss of activity is less. As a tentative working .hypothesis we regard the "decay" as due to a diffusion of a substance out of the cell and differences in the rate of "decay" as due to differences of permeability.
Exp. 12: Fig. 9 also shows the variation of activity with "age" of culture and shows that the period of maximum " permeability " coincides with maximum activity. Since the activities (QN) are measured after centrifuging and washing, they are probably lower than those of the cells actually in the culture fluid. This is especially the case with the organism grown in H2 where the permeability is highest (100 % loss of activity in 3 hr.). The apparent difference in activity of the cultures grown in H2 and N2 is therefore an experimental artefact due to the greater loss of activity of the H2 culture during centrifuging and washing; the difference between the two curves is greatest at the period of maximum permeability, the early and late portions following each other closely. All subsequent experiments were done with cells whose activity and permeability were at their maximum, i.e. 11 hr. cultures grown anaerobically in H2.
Exp. 13: Recovery of activity of us8pen8ion after "decay". The first successful experiment in effecting recovery after "decay" is set out in Table VII Exp. 15: Further factors in recovery. The procedure in this experiment was the same as for Exp. 14. Here the effect of boiled bacteria in M/100 phosphate is duplicated by M/30,000 GSH in M/100 phosphate, GSH alone and adenylic acid with and without phosphate being without effect. These results are shown in Fig. 11. Fig. 12 shows the rate of recovery with M/100 phosphate and different concentrations of GSH. The flattening of the curves in Fig. 12 is attributable to the effect of the temperature; slow recovery never attains completion owing to the effect of temperature on permeability. M/l00 phosphate alone is due to phosphate only or to phosphate and residual reducing material remaining in the cell after "decay". We attempted to remove reducing substances completely from the cell by allowing "decay" to take place in air instead of in vacuo; the procedure then was the same as in Exps. 14 and 15. Fig. 14 Fig. 16 a shows the factors in recovery with strain II.
The variability of activity with culture time still awaits explanation. Fig. 3 shows that a 6-hr. culture has an activity far below a 10-hr. culture. We attempted to raise the QN of the 6-hr. culture by the addition of formate and phosphate to the culture medium and the washing water (Table VIII) . Although this procedure raises the QN, the height attained never approaches that of the 10-hr. culture in plain broth. In other words, the early cultures appear to be comparatively impermeable towards the phosphate-formate system. 
DISCUSSION
The decay of dl-serine deaminase appears to be due to a loss from the cell by diffusion of some substance or substances acting as coenzyme. This loss can be prevented by exudate from boiled organism, by M/100 phosphate or by keeping the cell in a reducing medium; this suggests that the coenzyme may exist in reduced and oxidized forms and in phosphorylated and non-phosphorylated forms, the reduced phosphorylated form being relatively stable and nondiffusible. On this hypothesis standing in water causes the coenzyme to become oxidized (anaerobically) and to lose phosphate. Recovery is brought about by various reducing systems in the presence of phosphate but not in its absence, the slow incomplete recovery induced by phosphate alone is attributable to some reducing agent remaining in the cell and does not occur if this is removed by aeration, recovery then occurring only with phosphate and a reducing agent (GSH) . Recovery occurs at 370 but not at 0°, which suggests that an enzymic process is involved.
The marked effect of very low concentrations of muscle adenylic acid in preventing both decay and recovery with strain I, and in preventing recovery with strain II, is unexplained on this hypothesis. We can also offer no explanation for the effect of high concentrations of phosphate in preventing recovery; it has been suggested that this may be due to removal of magnesium, but we have been unable to confirm this.
Both decay and recovery depend not only on chemical reagents but also on the condition of the cell. Deamination is most active when the cells are grown anaerobically and towards the close of the growth period; it is also then most subject to rapid decay and effective recovery; cultures grown in H2 decay and recover more rapidly than those grown in N2; we tentatively attribute thesc differences to changes in permeability. Recovery depends also on temperature; suspensions which decay at 0°can recover but if decay occurs at 37°recovery does not take place; provisionally we attribute this also to an alteration of permeability. 
